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TRACKING SERVO OPERATING METHOD, TRACKING SERVO APPARATUS AND 
OPTICAL DISK DEVICE PROVIDED WITH SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a tracking servo operating 
method and a tracking servo apparatus in which no tracking error 
10 occurs even while an optical disk is in an unrecorded state and 
to an optical disk device using the same. 

The present application claims priority of Japanese Patent 
Application No. 2003-050951 filed on February 27, 2003, which is 
hereby incorporated by reference. 

15 

Description of the Related Art 



Application of optical disk technology which enables 
recording and reproducing of information via light with a high 

20 degree of reliability is expanding. With progress of the optical 
disk technology, kinds of recording media using optical disks are 
gradually increasing which include a CD-R (Compact Disk 
Recordable), CD-RW (CD-Rewritable), DVD-R (Digital Versatile 
Disk Recordable), DVD-RW (DVD-Rewritable) or a like. In order to 

25 record and reproduce information via light in any recording medium, 
it is required that an optical system of an optical disk device 
can provide high performance. 

In order for an optical disk device to be able to record 
and reproduce information with high-speed and with high 
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reliability/ it is also required that a relation between an 
optical beam and an optical disk is normally maintained and, to 
achieve this, a variety of servo systems are attached to optical 
disk devices. Such the servo systems include a focusing servo 
5 which controls a position of an optical source so that, even when 
a disk has a warp and/or surface deflection, a spot of a beam fed 
from a light source laser applied on a signal track attains a 
specified size, a tracking servo to move a position of a beam spot 
so that the beam spot correctly tracks a signal track on a disk 

10 while an optical disk is rotating, a spindle servo to control 
rotation speed of a disk so that, even when there are changes in 
recording and reproducing positions on a surface of the optical 
disk, speed of a beam spot relative to a signal track becomes 
constant while the disk is rotating, or a like. 

15 The present invention aims at improving performance of a 

tracking servo system, out of servos described above, which tracks 
a signal track. First, a conventional tracking servo is explained. 
Figure 4 is a schematic block diagram showing entire 
configurations of a conventional tracking servo. The conventional 

20 tracking servo system, as shown in Fig. 4, roughly includes a light 
source 1, a PDIC (Photo Detector IC) 2A, a controlling section 
3A, a driver 4, and an actuator 5. Among them, the light source 
1, PDIC 2A, actuator 5 make up an optical pickup 6A. 

The light source 1 has a light emitting section made up of, 

25 for example, a semiconductor laser and forms a beam spot on an 
optical disk 7. The PDIC 2A has a light receiving section made 
up of, for example, photodiodes, receives feedback light from the 
optical disk 7 induced by a beam spot, converts the feedback light 
to an electrical signal and outputs an tracking error (TF) signal 
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and a high frequency (HF) signal obtained by arithmetic 
computation on outputs from the light receiving section. The 
controlling section 3A has a microcomputer or a like and performs 
arithmetic operations according to the TE signal and HF signal 
5 fed from the PDIC2A to output a control signal to the driver 4. 
The driver 4 outputs a direct current signal to operate the 
actuator 5 in response to the control signal from the controlling 
section 3. The actuator 5 moves a beam spot on the optical disk 
7 in response to the direct current signal fed from the driver 
10 4. 

Figure 5 is a diagram showing detailed configurations of 
the PDIC 2A and the controlling section 3A in the conventional 
tracking servo system. The conventional PDIC 2A, as shown in Fig. 
5, includes a multi-output photodetector 11, sub-photodetectors 

15 12A and 12B, subtractors 13, 14, and 15, and an adder 16. The 
multi-output photodetector 11 is made up of four photodetector 
elements as a four-divided photodetector and the above four 
photodetector elements produce outputs A, B, C, and D, each of 
which produces one of outputs A, B, C, and D. The sub-photodetector 

20 12A is made up of two photodetector elements as a two-divided 
photodetector and the above two photodetector elements produce 
outputs E-l and F lf each of which produces one of outputs E ± and 
F x . The sub-photodetector 12B is made up of two photodetector 
elements as a two-divided photodetector and the above two 

25 photodetector elements produce outputs E 2 and F 2 , each of which 
produces one of outputs E 2 and F 2 . Each of the substractors 13, 
14, and 15 produces an output obtained subtracting one input from 
another input. The adder 16 produces an output obtained by adding 
both the above inputs. 
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Figure 6 is a diagram showing a positional relation to a 
signal face 201 of the optical disk 7 between the multi-output 
photodetector 11 and sub-photodetectors 12A and 12B. Each of the 
sub-photodetectors 12A and 12B is placed in a position being 
5 displaced back and forth by 1/2 pitches of the signal track 
relative to the multi-output photodetector 11 and, when the 
multi-photodetector 11 is so placed as to correctly correspond 
to the signal track, each of the sub-photodetectors 12A and 12B 
also correctly corresponds to a mirror section mounted back and 

10 before each of the corresponding signal track. Light is applied 
from the light source 1 to produce a main beam spot 202 in a manner 
to be corresponded to the multi-photodetector 11 and light is 
applied also from the light source 1 to produce sub-beam spots 
202A and 202B in a manner to be corresponded to sub-photodetectors 

15 12A and 12B, respectively. 

In the PDIC 2A, the subtractor 13 subtracts a signal (B + 
C) obtained by adding signals B and C output from the photodetector 
elements 211 and 212 making up the multi-photodetector 11 from 
a signal (A + D) obtained by adding signals A and D output from 

20 the photodetector elements 210 and 213 making up the multi- 
photodetector 11 and the subtractor 14 subtracts a signal (F 1 + 
F 2 ) obtained by adding signals F x and F 2 output from the 
photodetector elements on the right side in Fig. 6 making up the 
sub-photodetectors 12A and 12B from a signal {E 1 + E 2 ) obtained 

25 by adding signals E ± and E 2 output from the photodetector elements 
on the left side in Fig. 6 making up the sub-photodetectors 12A 
and 13B and produces an output obtained by multiplying a result 
from the subtraction by K (K is a coefficient for correction) and 
the substractor 15 subtracts the output from the substractor 14 



from the output from the subtractor 13 to produce a TE signal { (A 
+ D) - (B + C) } - { (E x + E 2 ) - (F x + F 2 )>. 

Moreover, the adder 16 adds the signal (A + D) output from 
the multi-output photodetector 11 to the output signal (B + C) 
5 to produce an HF signal (A + B + C + D) . 

The signal { (A + D) - (B + C) } is a tracking error signal 
produced only from the multi-output photodetector 11 and becomes 
maximum when the multi-output photodetector 11 is within a 
boundary of a signal track and becomes 0 (zero) when the 
10 multi-output photodetector 11 is at a center of the signal track. 
Moreover, a signal { (E x + E 2 ) - ( F 1 + F 2 ) } is a tracking error signal 
produced only from the sub-photodetectors 12A and 12B and is 
phase-shifted by 180 ° and becomes maximum when the sub- 
photodetectors 12A and 12B is within a boundary of the signal track 
15 and becomes 0 (zero) when the sub-photodetectors 12A and 12B are 
at a center of the mirror section. By using signals from the 
sub-photodetectors 12A and 12B and selecting a proper value of 
the coefficient K, it is made possible to reduce an offset 
contained in the tracking error signal produced by the multi- 
20 output photodetector 11. 

The reason why correction using outputs from the sub- 
photodetectors 12A and 12B is required is that a direct current 
offset occurring in the tracking error signal caused by a 
positional change of a beam spot which occurs due to horizontal 
25 movement of an objective lens by the actuator 5 has to be removed. 
Therefore, if no direct current of f set occurs , such the correction 
using the outputs from the sub-photodetectors 12A and 12b is not 
required. 

The conventional controlling section 3A, as shown in Fig. 
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5, has a binarizing section 17, an edge extracting section 18, 
a band-pass filter (BPF) 19, a binarizing section 20, and an 
arithmetic operational processing section 21A. The binarizing 
section 17 binarizes a TE signal made up of an analog signal and 
5 outputs a TE binarized signal. The edge extracting section 18 
extracts a rising edge and a falling edge of the TE binarized signal 
and outputs a TE edge signal. The BPF 19 blocks a high frequency 
component and a low frequency component of an input HF signal and 
outputs an HF band-pass signal. The binarizing section 20 

10 binarizes the HF band-pass signal and outputs an HF binarized 
signal. The arithmetic operational processing section 21A 
performs a required arithmetic operation on the TE edge signal 
fed from the edge extracting section 18 and the HF binarized signal 
fed from the binarizing section 20 and outputs a controlling 

15 signal. 

Operations of the conventional tracking servo are described 
by referring to Figs. 7 and 8. First, by referring to a timing 
chart shown in Fig. 7, operations of a tracking servo employed 
in recorded optical disks such as a CD-ROM, DVD-ROM, or a like 

20 are explained below. In Fig. 7, a signal face of a recorded optical 
disk 201, a beam spot 202 on the signal face 201, a center 214 
of the signal track 201, and a mirror section 215 between the signal 
tracks are shown. Also, in Fig. 7, a four-divided photodetector 
209 making up a multi-output photodetector 11, photodetector 

25 elements 210, 211, 212, and 213 making up the four-divided 
photodetector 209, and signals A, B, C, and D output from the 
photodetector elements 210, 211, 212, and 213, respectively, are 
shown . 

Light applied to the signal face 201 from the light source 
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1 forms', according to a focusing operation of a focus servo not 
shown, the beam spot 202 normally having a constant size on the 
signal face 201. In this state, when the beam spot 202 intersects 
the signal face 201 in a direction of an arrow mark "a" in Fig. 
5 7, signals A, B, C, and D are output from the photodetector elements 
210, 211, 212. and 213, respectively, making up the four-divided 
photodetector 209 and the adder 16 performs an arithmetic 
operation of (A + B + C + D) to produce an HF signal 203. 

The beam spot 202 crosses alternately the signal track and 
10 the mirror section and a change between light and shade occurs 
repeatedly and, therefore, the HF signal 203 has a waveform which 
changes with a frequency "f" ("f" indicates frequencies crossing 
the signal track per second) as shown in Fig. 7. On the other hand, 
in the case of a CD-ROM (CD Read Only Memory) in which signals 
15 have been stored, recorded CD-R, DVD-ROM (DVD-Read Only Memory) , 
and recorded DVD-R, since a signal pit has been formed on the signal 
track, an HF signal 203 becomes a signal, as shown in its lower 
portion, having a modulation degree induced when the beam spot 
202 crossed the signal pit. In Fig. 7, hatching performed on the 
20 HF signal 203 shows that the HF signal 203 has been modulated due 
to crossing of the beam spot 202 through the signal pit. 

The HF signal 203 is converted to a HF band-pass signal 204 
via the BPF 19. The HF band-pass signal 204 is binarized by the 
binarizing section 20 and an HF binarized signal 205 is produced. 
25 The HF binarized signal 205, when being at a low level, indicates 
that the beam spot 202 stays on a signal track and, when being 
at a high level, indicates that the beam spot 202 stays on a mirror 
section into which no signal has been written. 

At the same time, a tracking error (TE) signal 206 is output 



from the multi-output photodetector 11 and the sub-photodetectors 
12A and 12B. The binarizing section 17 binarizes the TE signal 
206 to produce a TE binarized signal 207 and the edge extracting 
section 18 extracts a rising edge and falling edge of the TE 
5 binarized signal 207 to produce a TE edge signal 208. The TE edge 
signal 208 indicates that the beam spot 202 has reached either 
of a center 214 of the signal track and a center of the mirror 
section 215 between the signal tracks. 

In Fig. 7, timing 216 is shown with which an operation of 

10 pulling in the tracking servo is performed. As shown by a mark 
"b" in Fig. 7, the arithmetic operational processing section 21A, 
in a state where an HF binarized signal 205 is at a low level, 
produces a control signal at the instant when a TE edge signal 
208 is output and pulls in the servo system. This causes the driver 

15 4 to activate the actuator 5 which controls a position of the beam 
spot 202 and, as a result, servo control is exerted so that the 
TE signal 206 normally becomes 0 (zero) . This enables the beam 
spot 202 to correctly track a signal track. Therefore, since 
control is exerted so that the beam spot 202 is always applied 

20 on the center 214 of the signal track, information having been 
written in the signal track can be read without errors. 

Next, operations of the tracking servo performed when a 
recording optical disk employed in a CD-R, CD-RW, DVD-R, DVD- 
RW, or a like is in an unrecorded state are described by referring 

25 to the timing chart shown in Fig. 8. In Fig. 8, a signal face 301 
of an unrecorded optical disk, a beam spot 202 on the signal face 
301, a center 302 of a groove to which a signal is written, and 
a land 303 between the grooves are shown. Moreover, in Fig. 8, 
a four-divided photodetector 209 making up a multi-output 
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photodetector 11, photodetector elements 210, 211, 212, and 213 
making up the four-divided photodetector 209, and signals A, B, 
C, and D output from the photodetector elements 210, 211, 212, 
and 213, respectively, are shown. 
5 Light applied to the signal face 301 from the light source 

1 forms, according to a focusing operation of a focus servo not 
shown, the beam spot 202 normally having a constant size on the 
signal face 301. In this state, when the beam spot 202 intersects 
the signal face 301 in a direction of an arrow mark "a" in Fig. 

10 8, signals A, B, C, and D are output from the photodetector elements 
210, 211, 212, and 213, respectively, making up the four-divided 
photodetector 209 and the adder 16 performs an arithmetic 
operation of (A + B + C + D) to produce an HF signal 304. 

The beam spot 202 crosses alternately the groove and the 

15 land and a change between light and shade occurs repeatedly and, 
therefore, the HF signal 304 has a waveform which changes with 
a frequency "f" ("f" indicates frequencies crossing the groove 
per second) as shown in Fig. 8, however, in the case of the 
unrecorded CD-R, unrecorded DVD-R, or a like, since no signal pit 

20 has been formed in the groove to which a signal is to be written, 
the HF signal 304 is a signal not having been modulated. The HF 
signal 304 is converted to a HF band-pass signal 305 via the BPF 
19. The HF band-pass signal 305 is binarized by the binarizing 
section 20 and an HF binarized signal 306 is produced. The HF 

25 binarized signal 306, when being at a low level, represents that 
a beam spot 202 stays on a groove to which a signal is to be written 
and, when being at a high level, represents that the beam spot 
202 stays on a land to which a signal cannot be written. 

At the same time, a TE signal 20 6 is output from the 
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multi-output photodetector 11 and the sub-photodetectors 12A and 
12B. The binarizing section 17 binarizes the TE signal 206 to 
produce a TE binarized signal 207 and the edge extracting section 
18 extracts a rising edge and falling edge of the TE binarized 
5 signal 207 to produce a TE edge signal 208. The TE edge signal 
208 indicates that the beam spot 202 has reached either of a center 
214 of the groove to which a signal is to be written and a center 
of the land 303 between the grooves. 

In Fig. 8, timing 216 is shown with which an operation of 

10 pulling in the tracking servo is performed. As shown by a mark 
"b" in Fig. 8, in the arithmetic operational processing section 
21A, in a state where an HF binarized signal 306 is at a low level, 
a control signal is produced at the instant when a TE edge signal 
208 is output to pull in the servo system. This causes the driver 

15 4 to activate the actuator 5 which controls a position of the beam 
spot 202 and, as a result, servo control is exerted so that the 
TE signal 206 is normally made to become 0 (zero) . This enables 
the beam spot 202 to correctly track a groove. Therefore, since 
control is exerted so that the beam spot 202 is always applied 

20 on the center 302 of the groove, information can be correctly 
written in the groove. 

Thus, in the conventional tracking servo system, by using 
a signal produced from an HF signal and a signal produced from 
a tracking error signal, servo control is exerted so that no 

25 tracking error occurs. However, in the conventional tracking 
servo system, there are various problems as described below. 

First, in the conventional tracking servo system, since a 
position of a signal track is detected according to a TE signal 
and an HF signal made up of the signal (A + B + C + D) , if imbalance 
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occurs in outputs from the four-divided photodetector , a 
phase-shift occurs in the HF signal due to imbalance (variations) 
in each of photodetector elements contained in the four-divided 
photodetector making up the multi-output photodetector 11, 
5 adherence of dust to optical components, or a like and, in the 
case of unrecorded media such as an unrecorded CD-R, unrecorded 
DVD-R, or a like, since no modulation of an HF signal induced by 
a signal pit takes place, a shift caused by the phase shift in 
the HF signal occurs between a position of a track specified by 

10 an HF binarized signal and an actual position of the signal track. 

Now, when feedback light from an optical disk enters, while 
changing at a frequency "f", the multi-output photodetector 11 
by passage of a beam spot crossing a groove on a signal face of 
the optical disk 7, if imbalance occurs in signal outputs from 

15 the multi-output photodetector made up of the four-output 
photodetector, a phase of each of signals A and D output from the 
photodetector making up the four-divided photodetector leads a 
signal having a frequency "f" by " 6 ", the output (A + D) = S sin 
(cot + 9 ) (where co = 2nf and S denotes an amplitude of the output 

20 (A + D) ) . Similarly, when a phase of each of signals B and C output 
from the photodetector making up the four-output photodetector 
lags behind the signal having a frequency w f" by " 0 ", the output 
(B + C) = S sin (cot - 9 ) . 

Here, if the output (A + D) is equal to the output (B + C) , 

25 HF signal = (A + D) + (B + C) 

= S sin (cot + 6) + S sin (cot - 9) 

= S { sin (cot + 9 +cot - 9 ) 9 cos (cot + 9 +cot - 9) 
= 2S cos 9 • sin co t 
Therefore, no phase shift occurs in the HF signal. 
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However, if imbalance occurs between the output (A + D) and 
the output (B + C) due to influences by imbalance among outputs 
from each of the photodetector making up the four-divided 
photodetector or by dust adhered to optical components or a like, 
5 a phase shift comes to occur in the HF signal. 

Now, let it be assumed that a signal output (A + D) from 
the photodetector elements 210 and 213 is expressed by the signal 
output (A + D) = J sin (cot + 6 ) (J denotes an amplitude of the 
signal (A + D) ) and that a signal output (B + C) from the 
10 photodetector elements 211 and 212 is given by expression of the 
signal output (B + C) = K sin (cot +6) (K denotes an amplitude 
of the signal (B + C) ) , an HF signal made up of outputs (A + D) 
+ (B + C) is expressed by a following equation: 
HF signal = (A + D) + (B + C) 
15 = J sin (cot + 0) + K sin (cot - 6) 

= J ( sincot •cos0+ coscot •sinO )+ K (sincot •cosO 
- cos co t • sin 9 ) 

= (J + K) cos0»sincot + (J - K) coscot»sin6> 
Therefore, a phase shift occurs in a signal having a frequency 
20 "f" obtained when the output (A + D) is equal to the output (B 
+ C) . 

Even if such the phase shift occurs, in the case of optical 
disk media in which signals have been recorded in advance such 
as a CD-ROM and DVD-ROM, since modulation of the HF signal induced 
25 by a signal pit takes place, the optical disk is not readily 
affected by the phase shift of the HF signal. 

Figure 9 is a diagram explaining less influences by a phase 
shift on a HF binarized signal even if a phase shift occurs in 
the HF signal in the case of recorded optical disks. In Fig. 9, 
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an HF signal 501 in which a phase shift has occurred due to 
imbalance in outputs from a multi-output photodetector , an HF 
band-pass signal 502 obtained by causing the HF signal 501 in which 
the phase shift has occurred to pass through the band-pass filter 
5 19, and an HF binarized signal 503 obtained by binarizing the HF 
band-pass signal 502, are shown. 

When a phase shift occurs in the HF signal 501, a phase shift 
also occurs in a waveform of a signal produced by feedback light 
from a portion containing no pit on a signal track and from a mirror 

10 section, as seen in an upper portion of a component of the HF signal 
501. However, a phenomenon occurs that, since no phase shift 
occurs in a component produced by modulation induced by a pit on 
a signal track in the HF signal, a phase shift occurs between an 
component of the waveform of the HF signal appearing in its upper 

15 portion and the component of the waveform of the HF signal 501 
appearing in its lower portion. When such the HF signal is made 
to pass through the band-pass filter 19, since a signal obtained 
at an intermediate point between a component of the HF signal 
appearing in its upper portion and a component of the HF signal 

20 modulated due to existence of a signal pit appearing in its lower 
portion, an amount of the phase shift caused by imbalance in 
outputs from the photodetector in the HF band-pass signal 502 
becomes small and, therefore, a shift, caused by the phase shift 
in the HF signal, occurring between a position of a track specified 

25 by an HF binarized signal and an actual position of the track is 
small . 

However, in the case of an unrecorded CD-R and/or unrecorded 
DVD-R, since no modulation of the HF signal induced by a signal 
pit takes place, a direct influence by imbalance in outputs from 
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the photodetector occurs and, as a result, a shift between a 
position of a track specified by the HF binarized signal and an 
actual position of the track becomes large. 

Secondary, in the conventional tracking servo, when a phase 
5 shift occurs in the HF signal, since there is a shift between a 
position of the track specified by the HF binarized signal and 
a position of the actual position of the track, an operation of 
pulling in the tracking servo is made difficult, which produces 
a problem that a servo operation is not correctly performed. 

10 Next, by referring to Fig. 10, operations of the tracking 

servo are described which are performed when a phase shift occurs 
in an HF signal due to occurrence of a big difference between an 
output (A + D) and an output (B + C) in the multi-output 
photodetector 11. In Fig. 10, a signal face 301 of an unrecorded 

15 optical disk, a beam spot 202 on the signal face 301, a center 

302 of a groove to which a signal is to be written, and a land 

303 between the grooves, are shown. Also, in Fig. 10, a four- 
divided photodetector 404 making up a multi-output photodetector 
11, photodetector elements 210, 211, 212, and 213 making up the 

20 four-divided photodetector 404, signals A, B, C, and D output from 
the photodetector elements 210, 211, 212, and 213, respectively, 
and dust adhered to the photodetector 213, are shown. 

Light applied from a light source 1 to the signal face 301 
forms, according to a focusing operation of a focusing servo (not 

25 shown) , a beam spot 202 normally having a constant size on the 
signal face 301. In this state, when the beam spot 202 crosses 
the signal track in a direction of an arrow "a" in Fig. 10, the 
signals A, B, C, and D are output from the photodetector elements 
210, 211, 212, and 213 making up the four-output photodetector, 
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respectively, and the adder 16 performs an arithmetic operation 
of the signals (A + B + c + D) to produce an HF signal 401. 

At this point, due to adherence of dust 405 adhered to the 
photodetector 213, a phase shift occurs in the HF signal 401 
5 obtained by the arithmetic operation of (A + B + C + D) , compared 
with its phase in a position of a groove on the optical disk. The 
HF signal 401 is converted via the BPF 19 to an HF band-pass signal 
402. The HF band-pass signal 402 is then binarized by the 
binarizing section 20 and is output as an HF binarized signal 403. 

10 Though the HF binarized signal 403, when being at a low level, 
has to indicate that a beam spot 202 stays on a groove, due to 
the phase shift in the HF signal, the HF binarized signal 403 does 
not indicates a correct position of the groove. 

At the same time, a TE signal 20 6 is output from the 

15 multi-output photodetector 11, sub-photodetectors 12A and 12B. 
The binarizing section 17 binarizes the TE signal 206 to produce 
a TE binarized signal 207 . The edge extracting section 18 extracts 
a rising edge and falling edge of the TE binarized signal 207 to 
produce a TE edge signal 208. The TE edge signal 208 indicates 

20 that the beam spot 202 has reached either of a center 302 of a 
groove to which information is to be written and a center of the 
land 303 between the grooves. In Fig. 10, timing 406 is shown with 
which an operation of pulling in the tracking servo is performed 
when the phase shift in the HF binarized signal is small. As shown 

25 by a mark "c" in Fig. 10, the arithmetic operational processing 
section 21A, in a state where the HF binarized signal 403 is at 
a low level, produces a control signal at the instant when the 
TE edge signal 208 is output to pull in the servo system. This 
causes the driver 4 to activate the actuator 5 which controls a 
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position of the beam spot 202 and, as a result, servo control is 
exerted so that the TE signal 206 is made to become 0 (zero) . This 
enables the beam spot 202 to correctly track a groove. 

On the other hand, timing 407 is shown with which an 
5 operation of pulling in the tracking servo is performed when the 
phase shift in the HF binarized signal is large. The arithmetic 
operational processing section 21A, in a state where the HF 
binarized signal 403 is at a low level, produces a control signal 
at the instant when the TE edge signal 208 is output and tries 
10 to pull in the servo system. However, if the phase shift between 
the HF binarized signal 403 and TE edge signal 208 is large, since 
no timing exists with which the tracking serve is pulled in, such 
the control as to make the TE signal 206 become 0 (zero) cannot 
be exerted. 

15 

SUMMARY OF THE INVENTION 



In view of the above, it is an object of the present invention 
to provide a tracking servo operating, a tracking servo apparatus 

20 and an optical disk device using the same, each of which is able 
to be pulled in even when a phase shift in an HF signal occurs 
due to imbalance in outputs from a multi-output photodetector 
caused by imbalance in each of photodetector elements corporated 
therein, adherence of dust to optical components, or a like. 

25 According to a first aspect of the present invention, there 

is provided a tracking servo operating method including: 

applying a beam spot on an optical disk on which a track 
is formed; 

receiving feedback light from the optical disk by a light 
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receiving unit, which is equipped with a multi-divided 
photodetector including a first photo- detecting portion and a 
second photo-detecting portion being mounted in a manner so as 
to be divided right and left relative to a circumferential 
5 direction of the optical disk, receive feedback light from the 
optical disk; and 

controlling an actuator through a driver so that a servo 
operation in which the beam spot tracks the track is performed 
according to an output from the light receiving unit; 

10 wherein control is so exerted that a high frequency 

differential signal is produced by calculating a difference 
between a first high frequency signal obtained by having the first 
photo-detecting portion receive first feedback light from the 
optical disk and a second high frequency signal obtained by having 

15 the second photo-detecting portion receive second feedback light 
from the optical disk and that, after a tracking error signal has 
been produced based on, at least, the produced high frequency 
differential signal, the produced tracking error signal is 
binarized and a tracking error edge signal indicating an edge of 

20 rising and falling of the binarized tracking error signal is 
extracted and that the first and second high frequency signals 
are binarized and, when the binarized first and second high 
frequency signals are at a specified same level, an operation of 
pulling in a tracking servo is performed in response to the 

25 tracking error edge signal. 

In the foregoing, a preferable mode is one wherein setting 
is made so that the tracking error signal becomes 0 (zero) when 
the beam spot is positioned at a center of the track. 

Another preferable mode is one wherein setting is made so 
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that the tracking error edge signal is extracted when the beam 
spot has reached either of a center of the track or a center of 
a region between the two tracks adjacent to each other. 

Still another preferable mode is one wherein control is 
5 exerted so that, after a band of each of the first and second high 
frequency signals has been filtered, the filtered signals are 
binarized and, when both the binarized first and second high 
frequency signals are at a low level, an operation of pulling in 
a tracking servo is performed in response to the tracking error 

10 edge signal. 

An additional preferable mode is one wherein each of the 
first and second photo-detecting portions each are further 
divided into a front photo-detecting portion and a rear 
photo-detecting portion along the circumference direction of the 

15 track, and wherein the first and second high frequency signals 
each are obtained by adding a front output signal from the front 
photo-detecting portion and a rear output signal from the rear 
photo-detecting portion. 

Furthermore preferable mode is one wherein movement of the 

20 beam spot by the actuator is accomplished by movement of an 
objective lens in the light source. 

Still furthermore preferable mode is one wherein the light 
receiving unit further includes a first sub-photodetector mounted 
in a position being isolated left by 1/2 pitches of the track in 

25 a direction of crossing the track from a center of the multi- 
divided photodetector and including a first left photo-detecting 
portion and a first right photo- detecting portion mounted in a 
manner so as to be divided right and left relative to a 
circumferential direction of the optical disk and a second 
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sub-photodetector mounted in a position being isolated right by 
1/2 pitches of the track in a direction of crossing the track from 
a center of the multi-divided photodetector and including a second 
left photo-detecting portion and a second right photo-detecting 
5 portion mounted in a manner so as to be divided right and left 
relative to the circumferential direction of the optical disk, 
and hereby being so configured as to receive feedback light of 
a sub-beam from the optical disk, the sub-beam being obtained by 
dividing a beam output from a light source and to obtain a first 

10 detecting signal by adding signals output from the first and 
second left photo-detecting portions in the first and second 
sub-photodetectors and a second detecting signal by adding 
signals output from the first and second right photo-detecting 
portions in the first and second sub-photodetectors, and to 

15 produce a sub-differential signal by calculating a difference 
between the obtained first detecting signal and the obtained 
second detecting signal, and then to produce the tracking error 
signal based on a difference between the produced sub- 
differential signal and the high frequency differential signal. 

20 Also, a preferable mode is one wherein each of the first 

and second photo-detecting portions each are further divided into 
a front photo-detecting portion and a rear photo-detecting 
portion along the circumference direction of the track, and 
wherein the first and second high frequency signals each are 

25 obtained by adding a front output signal from the front 
photo-detecting portion and a rear output signal from the rear 
photo-detecting portion, and furthermore, wherein the light 
receiving unit further includes a first sub-photodetector mounted 
in a position being isolated left by 1/2 pitches of the track in 
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a direction of crossing the track from a center of the multi- 
divided photodetector and including a first left photo-detecting 
portion and a first right photo- detecting portion mounted in a 
manner so as to be divided right and left relative to a 
5 circumferential direction of the optical disk and a second 
sub-photodetector mounted in a position being isolated right by 
1/2 pitches of the track in a direction of crossing the track from 
a center of the multi-divided photodetector and including a second 
left photo-detecting portion and a second right photo-detecting 

10 portion mounted in a manner so as to be divided right and left 
relative to the circumferential direction of the optical disk, 
and hereby being so configured as to receive feedback light of 
a sub-beam from the optical disk, the sub-beam being obtained by 
dividing a beam output from a light source and to obtain a first 

15 detecting signal by adding signals output from the first and 
second left photo-detecting portions in the first and second 
sub-photodetectors and a second detecting signal by adding 
signals output from the first and second right photo-detecting 
portions in the first and the second sub- photodetectors , and to 

20 produce a sub-differential signal by calculating a difference 
between the obtained first detecting signal and the obtained 
second detecting signal, and then to produce the tracking error 
signal based on a difference between the produced sub- 
differential signal and the high frequency differential signal. 

25 According to a second aspect of the present invention, there 

is provided a tracking servo apparatus including: 

a light source to apply a beam spot on an optical disk on 
which a track is formed; 

a light receiving unit having a multi-divided photodetector 
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including a first photo-detecting portion and a second photo- 
detecting portion being mounted in a manner so as to be divided 
right and left relative to a circumferential direction of the 
optical disk to produce a first high frequency signal by having 
5 the first photo-detecting portion receive first feedback light 
from the optical disk and a second high frequency signal by having 
the second photo-detecting portion receive second feedback light 
from the optical disk and to produce a high frequency differential 
signal by calculating a difference between the produced first high 

10 frequency signal and the produced second high frequency signal 
and to produce a tracking error signal based on, at least, the 
produced high frequency differential signal; 

a controlling unit to binarize the tracking error signal 
fed from the light receiving unit and to extract a tracking error 

15 edge signal indicating an edge of rising and falling of the 
binarized tracking error signal and, after having filtered a band 
of each of the first and second high frequency signals fed from 
the light receiving unit, to binarize the filtered signals and 
to produce, when the binarized first and second high frequency 

20 signals are at a specified same level, a control signal to start 
a servo operation in response to the tracking error edge signal; 

a driver to produce a driving signal according to the 
control signal; and 

an actuator to move the beam spot according to the driving 

25 signal fed from the driver, 

wherein control is exerted so that an operation of pulling 
in a tracking servo is performed in response to the tracking error 
edge signal. 

According to a third aspect of the present invention, there 
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is provided an optical disk device provided with a tracking servo 
apparatus including : 

a light source to apply a beam spot on an optical disk on 
which a track is formed; 
5 a light receiving unit having a multi-divided photodetector 

including a first photo-detecting portion and a second photo- 
detecting portion being mounted in a manner so as to be divided 
right and left relative to a circumferential direction of the 
optical disk to produce a first high frequency signal by having 

10 the first photo-detecting portion receive first feedback light 
from the optical disk and a second high frequency signal by having 
the second photo-detecting portion receive second feedback light 
from the optical disk and to produce a high frequency differential 
signal by calculating a difference between the produced first high 

15 frequency signal and the produced second high frequency signal 
and to produce a tracking error signal based on, at least, the 
produced high frequency differential signal; 

a controlling unit to binarize the tracking error signal 
fed from the light receiving unit and to extract a tracking error 

20 edge signal indicating an edge of rising and falling of the 
binarized tracking error signal and, after having filtered a band 
of each of the first and second high frequency signals fed from 
the light receiving unit, to binarize the filtered signals and 
to produce, when the binarized first and second high frequency 

25 signals are at a specified same level, a control signal to start 
a servo operation at an instant when the tracking error edge signal 
is produced; 

a driver to produce a driving signal according to the 
control signal; and 
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an actuator to move the beam spot according to the driving 
signal fed from the driver, 

whereby control is exerted so that an operation of pulling 
in a tracking servo is performed in response to the tracking error 
5 edge signal. 

With the above configurations, while an optical disk for 
recording such as a CD-R, CD-RW, DVD-R, DVD-RW, or a like is in 
an unrecorded state, even when imbalance in outputs from a 
multi-output photodetector occurs due to imbalance in each 
10 photodetector elements making up the multi-output photodetector 
and/or due to adherence of dust to optical components, there is 
no fear of occurrence of a shift caused by a phase shift in an 
HF signal between a position of a track specified by the HF signal 
and an actual position of a track. Since correct timing for pulling 
15 in a tracking servo to a center of a groove is provided, servo 
control can be normally exerted. 

BRIEF DESCRIPTION OF THE DRAWINGS 



20 The above and other objects, advantages, and features of 

the present invention will be more apparent from the following 
description taken in conjunction with the accompanying drawings 
in which: 

Fig. 1 is a schematic block diagram showing entire 
25 configurations of a tracking servo system according to an 
embodiment of the present invention; 

Fig. 2 is a diagram showing detailed configurations of a 
PDIC and a controlling section employed in the tracking servo 
according to the same embodiment; 
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Fig. 3 is a timing chart explaining operations of the 
tracking servo according to the same embodiment performed when 
imbalance occurs in outputs from each photodetector making up a 
multi-output photodetector; 
5 Fig. 4 is a schematic block diagram showing entire 

configurations of a conventional tracking servo system; 

Fig. 5 is a diagram showing detailed configurations of a 
PDIC and a controlling section employed in the conventional 
tracking servo system; 
10 Fig. 6 is a diagram showing a positional relation to a signal 

surface of an optical disk between a multi-output photodetector 
and sub-photodetectors in the conventional tracking servo system; 

Fig. 7 is a diagram explaining operations of a recorded 
optical disk in the conventional tracking servo system; 
15 Fig. 8 is a diagram explaining operations of a unrecorded 

optical disk in the conventional tracking servo system; 

Fig. 9 is a diagram explaining less influences by a phase 
shift on an HF binarized signal even if a phase shift occurs in 
an HF signal in the case of recorded optical disks in the 
20 conventional tracking servo system; and 

Fig. 10 is a diagram explaining operations of a tracking 
servo performed when a phase shift occurs in an HF signal in the 
multi-output photodetector in the conventional tracking servo 
system. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Best modes of carrying out the present invention will be 
described in further detail using various embodiments with 
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reference to the accompanying drawings. 

Embodiment 

5 Figure 1 is a schematic block diagram showing entire 

configurations of a tracking servo according to an embodiment of 
the present invention. Figure 2 is a diagram showing detailed 
configurations of a PDIC and a controlling section employed in 
the tracking servo of the present invention. Figure 3 is a timing 

10 chart explaining operations of the tracking servo of the present 
invention performed when imbalance occurs in outputs from each 
photodetector elements making up a multi-output photodetector . 

The tracking servo of the embodiment, as shown in Fig. 1, 
chiefly includes a light source 1, a PDIC 2, a controlling section 

15 3, a driver 4, and an actuator 5. The light source 1, PDIC 2, and 
actuator 5, as a whole, make up an optical pickup 6. Out of them, 
configurations and functions of the light source 1, driver 4, and 
actuator 5 are the same as those shown in Fig. 4 and detailed 
descriptions of them are omitted accordingly. 

20 The PDIC 2 has a light receiving section made up of, for 

example, photodiodes, receives feedback light from an optical 
disk 7 induced by a beam spot, converts the feedback light to an 
electrical signal and outputs an tracking error (TF) signal and 
a high frequency (HF) signal obtained by arithmetic computation 

25 on outputs from the light receiving section. The controlling 
section 3 has a microcomputer or a like and performs arithmetic 
operations according to the TE signal and HF signal fed from the 
PDIC 2 to output a control signal to the driver 4. 

The PDIC 2 of the embodiment, as shown in Fig. 2, includes 
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a multi-output photodetector 11, sub-photodetectors 12A and 12B, 
subtractors 13, 14, and 15. Out of them, configurations and 
functions of the multi-output photodetector 11, the sub- 
photodetectors 12A and 12B, subtractors 13, 14, and 15 are the 
5 same as those shown in Fig. 5. 

In the PDIC 2, as in the case of the conventional tracking 
servo shown in Fig. 5, the subtractor 13 subtracts a signal (B 
+ C) obtained by adding signals B and C output from the 
photodetector elements making up the multi-photodetector 11 from 

10 a signal (A + D) obtained by adding signals A and D output from 
the photodetector elements 210 and 213 making up the multi- 
photodetector 11 and the subtractor 14 subtracts a signal (F x + 
F 2 ) obtained by adding signals F 1 and F 2 output from the 
photodetector elements on the right side in Fig. 2 making up the 

15 sub-photodetectors 12A and 12B from a signal (E x + E 2 ) obtained 
by adding signals E 1 and E 2 output from the photodetector elements 
on the left side in Fig. 2 making up the sub-photodetectors 12A 
and 12B and produces an output obtained by multiplying a result 
from the subtraction by K (K is a coefficient for correction) and 

20 the substractor 15 subtracts the output from the substractor 14 
from the output from the subtractor 13 and produces a TE signal 
made up of outputs { (A + D) - (B + C) } - { (E x + E 2 ) - (F x + F 2 ) } . 
However, adding operation is not performed on a (A + D) HF signal 
and a (B + C) HF signal output from the multi-output photodetector 

25 11 and these signals are output as they are. 

The controlling section 3 of the embodiment, as shown in 
Fig. 2, has a binarizing section 17, an edge extracting section 
18, band-pass filters (BPF) 22 and 24, binarizing sections 23 and 
25, and an arithmetic operational processing section 21. Out of 
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them, configurations and functions'of the binarizing section 17 
and edge extracting section 18 are the same as those in the 
conventional tracking servo shown in Fig. 5. 

The BPF 22 blocks a high frequency component and low 
5 frequency component contained in the (A + D) HF signal and outputs 
an HF band-pass signal. The binarizing section 23 binarizes the 
HF band-pass signal fed from the BPF 22 and outputs a (A + D) HF 
binarized signal. The BPF 24 blocks a high frequency component 
and low frequency component contained in the (B + C) HF signal 

10 and outputs an HF band-pass signal. The binarizing section 25 
binarizes the HF band-pass signal fed from the BPF 24 and outputs 
a (B + C) HF binarized signal. The arithmetic operational 
processing section 21 performs required computation using a TE 
edge signal fed from the edge extracting section 18, the (A + D) 

15 HF binarized signal fed from the binarizing section 23, and the 
(B + C) HF binarized signal fed from the binarizing section 25 
to produce a control signal. 

Next, by referring to Fig. 3, operations of the tracking 
servo of the present invention are described which are performed 

20 when optical disks for recording such as a CD-R, CD-RW, DVD-R, 
DVD-RW, or a like are in an unrecorded state. In Fig. 3, a signal 
face 301 of an unrecorded optical disk, a beam spot 202 on the 
signal face 301, a center 302 of a groove to which a signal is 
to be written, and a land 303 between grooves are shown. Also, 

25 a four-divided photodetector 404 making up the multi-output 
photodetector 11, and photodiodes 210, 211, 212, and 213 making 
up the four-divided photodetector are shown in Fig. 3. Dust 405 
adhered to the photodetector 213 is also shown. Signals A, B, C, 
and D output, respectively, from the photodetector elements 210, 
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211, 212, and 213 are shown. 

Light applied from a light source 1 to the signal face 301 
forms, according to a focusing operation of a focusing servo (not 
shown) , a beam spot 202 normally having a constant size on the 
5 signal face 301. In this state, when the beam spot 202 crosses 
the signal face 301 in a direction of an arrow "a" in Fig. 3, a 
(A + D) HF signal 101 is output from the photodetector elements 
210 and 213 making up the four-divided photodetector 404 and a 
(B + C) HF signal 104 is output from the photodetector elements 

10 211 and 212. 

At this point, the (A + D) HF signal 101, since its phase 
leads a HF signal having a frequency "f" used when the beam spot 
202 crosses a groove on the signal face 301, is expressed as P 
sin (cot + 5 ) (where 5 is an amount in which a phase leads and P 

15 denotes an amplitude of the (A + D) HF signal) . The (B + C) HF 
signal 104, since its phase lags behind the HF signal having the 
frequency "f", is expressed as Q sin ( cot - 8 ) (where 5 is an amount 
in which a phase lags and Q denotes an amplitude of the (B + C) 
HF signal) . In this case, due to dust adhered to the photodetector 

20 213, the amplitude P of the (A + D) HF signal 101 is smaller than 
the amplitude Q of the (B + C) HF signal 104. 

In the controlling section 3, a (A + D) HF band-pass signal 
102 is produced via the BPF 22 from the (A + D) signal 101 and 
a (A + D) HF binarized signal 103 is produced via the binarizing 

25 section 23 from the (A + D) HF band-pass signal 102, both of which 
are input to the arithmetic operational processing section 21 and, 
at the same time, a (B + C) HF band-pass signal 105 is produced 
via the BPF 24 from the (B + C) HF signal 104 and a (B + C) HF 
binarized signal 106 is produced via the binarizing section 25 
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from the (B + C) HF band-pass signal 105, both of which are input 
also to the arithmetic operational processing section 21. 

At the same time, the multi-output photodetector 11 and the 
sub-photodetectors 21A and 12B output a TE signal 206, the 
5 binarizing section 17 produces a TE binarized signal 207 by 
binarizing the TE signal 206, and the edge extracting section 18, 
by extracting a rising edge and falling edge of the TE binarized 
signal 207, produces a TE edge signal 208. The TE edge signal 208 
indicates that the beam spot 202 has reached either of a center 

10 302 of the groove to which information is to be written and a center 
of a land 303 between the grooves. 

In Fig. 3, timing 107 is shown with which an operation of 
pulling in the tracking servo is performed. As shown by a mark 
"e" in Fig. 3, the arithmetic operational processing section 21, 

15 in a state where both the (A + D) HF binarized signal 103 and the 
(B + C) HF binarized signal 106 are at a low level, produces a 
control signal at the instant when the TE edge signal 208 is output 
to pull in the servo system. This causes the driver 4 to activate 
the actuator 5 which controls a position of the beam spot 202 and, 

20 as a result, servo control is exerted so that the TE signal 206 
is normally made to become 0 (zero) . This enables the beam spot 
202 to correctly track a groove. Therefore, since control is 
exerted so that the beam spot 202 is always applied on the center 
302 of the groove, information can be correctly written in the 

25 groove. 

Thus, in the tracking servo of the embodiment of the present 
invention, since the (A + D) HF binarized signal 103 and the (B 
+ C) HF binarized signal 106 are separately produced without 
undergoing adding process of the signal (A + B + C + D) output 
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from the multi-output photodetector when an HF binarized signal 
is produced and the servo system is pulled in according to 
occurrence of the TE edge signal 208 in a state where both the 
above signals 103 and 106 are at a low level, when optical disks 
5 for recording such as a CD-R, CD-RW, DVD-R, DVD-RW, or a like are 
in an unrecorded state, even when imbalance occurs in outputs from 
the multi-output photodetector due to imbalance in each 
photodetector making up the multi-output photodetector 11 and/or 
due to adherence of dust to optical components or a like, there 

10 is no fear of occurrence of a shift between a position of a track 
specified by an HF binarized signal and an actual position of a 
track which is caused by a phase shift in the HF signal and correct 
timing for pulling in a tracking servo at a center of a groove 
can be provided, which can prevent servo control from being 

15 incorrectly exerted. 

Moreover, in the above embodiment, only the case where 
optical disks are in an unrecorded state is described. However, 
in the case where optical disks are in a recorded state, as is 
apparent from the above description, since an amplitude of the 

20 (A + D) HF signal is almost equal to an amplitude of the (B + C) 
HF signal, the tracking servo of the present invention can be 
applied to the case where the optical disks are in a recorded state . 

It is apparent that the present invention is not limited 
to the above embodiments but may be changed and modified without 

25 departing from the scope and spirit of the invention. For example, 
in the PDIC 2 of the above embodiment, the TE edge signal is 
produced by using the multi-output photodetector 11 made up of 
the four-divided photodetector and the sub-photodetectors 12A and 
12B made up of the two-divided photodetector, however, in the case 
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where no offset occurs in a signal output from the multi- 
photodetector 11, the sub-photodetectors 12A and 12B can be 
omitted and the subtractors 14 and 15 are not needed accordingly. 

Also, if the HF binarized signal is at a high level, when 
5 the beam spot stays on a track and the HF binarized signal is at 
a low level, when the beam spot stays on a mirror section, in a 
state where both the (A + D) HF binarized signal and the (B + C) 
HF binarized signal are at a high level, a control signal may be 
produced at the instant when the TE edge signal is output to pull 
10 in the servo system. 



